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FIRTH-VICKERS STAINLESS STEELS LIMITED 


TREFOIL 


BAKELITE © PLASTICS 


Pioneers in the Plastics World 


BAKELITE LIMITED, 18 GROSVENOR GARDENS, LONDON, s.w.l 


HYDRAULIC PACKINGS 
SEALS e GASKETS 


GACO is ideal for hydraulic sealing being 
grainless, resilient, non-porous, and highly 
resistant to oils, fuels and chemical corrosives. 
It is widely used in the hydraulicjand pneumatic 
control systems of aircraft where only materials 
of the highest grade can be employed. Its 
unequalled dimensional 
Q@saccuracy are welljknown tofall"designers. 


RUBBER 


GEORGE ANGUS & CoO., LTD. 
OIL SEAL WORKS, NEWCASTLE UPON TYNE 


= 
ie 
REGD. TRADE MARKS 
ne 
m¢ 
TI 
ex 
Set 

th 

M 


June, 1943 JOURNAL OF THE ROYAL ABRONAUTICAL SOCIETY 


\VVICKE RS-ARMSTRONGS |: 


Head Office: VICKERS HOUSE BROADWAY LONDON :S-W:1 


Aeroplane” photograph 


Accuracy in 
the Balance 


OME of the most unexpected resources of 

the world are to-day being applied to new 
uses in the service of industry. To meet the 
need for exacting precision in the evolution of 
metallurgy, these resources have been tapped 
to an extent hitherto unknown. 
The scientific balance illustrated is a fine 
example of this quest for accuracy. The 
sensitivity of this delicate instrument, which 
weighs to an accuracy of one hundred 
thousandth of a gram, depends on the almost 
complete absence of friction at the central 
fulcrum, and on the points of suspension of 
the pans at each end of the beam. 
In this instance, a precious stone provides the 
complete answer to a difficult problem. The 
bearings of this balance are made from agate, 
in the form of a knife-edge resting on a plane, 
with the points of contact approaching as 
nearly as practicable to a theoretical line. 
Frictional forces are reduced to a minimum, 
While the unyielding hardness of this stone 
ensures that accuracy will not be diminished 
by wear. 
The resources of modern science are constantly 
employed to ensure that MAGNUMINIUM 
Magnesium base alloys will take the lead in 
the pioneering of the inevitable new develop- 
Ments in the light alloy industry. 


MAGNESIUM CASTINGS 


MAGNUMINIUM 


The Lightest Hructural Metal 


SLOUGH 
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CYLINDER HEAD 
IN 
MAGNESIUM 
ALLOY 


By Courtesy of 
Messrs. F. M. Aspin & Co. 


@ Sole Producers and Proprietors of the Trade Mark **Elektron”’: MAGNESIUM ELEKTRON LIMITED, Abbey House, Londcn. NW! @ Licensed Manufacturers 
Cove. & Forgings STERLING METALS LIMITED. Northey Road Foleshill, Coventry @ Castings: THE BIRMINGHAM ALUMINIUM CASTING (1903) COMPANY 
LIMITED. Biromd Works, Smethwick, Birmingham @ | STONE & COMPANY LIMITED, Deptford, London, $.£ 14 @ Sheet, Extrusions, Forgings & Tubes: JAMES BOOTH 
& CO (1915) LIMITED. Argyie Streee Works, Necnelis. Birmingham. 7 @ Sheet. Extrusions, Etc BIRMETALS LIMITED, Woodgate. Quinton, Birminghs 
© Suppliers of Magnesium and ‘*Elektron” Metal for the British Empire: F. A HUGHES & CO LIMITED, Abbey House, Baker Street, London, NW 


Wings 


If Mr. John Citizen demands, in the days of 
peace to come, a high power family plane to 
fit his existing garage, something has got to 
give way ’’—and obviously the garage can’t. 
Hence the necessity for Retractable wings— 
of such lightness that they can be “sheathed” 
by Paterfamilias unaided and the plane of 
such lightness that it can be pushed by finger- 
pressure into the garage without invoking the 
average “ push ” of a suburban family. 


Then comes the flash of inspiration— 
“Reynolds”—the people whose aircraft 
Components in ultra-light metals have 
revolutionised plane 
design. 


“T ’spose,’? you say, 
“Reynolds have some- 
thing up their sleeve 
for peacetime flying.” 


THEY HAVE! 


Photograph—Frank W. Lane 
REYNOLD TUBES - RODS STRIP: SECTIONS SHEET 
IN “HIDUMINIUM” ALUMINIUM ALLOYS 


REYNOLDS TUBE CO. LTD. & REYNOLDS ROLLING MILLS LTD., BIRMINGHAM, 11 
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Most famous of all 


From an article by Peter Masefield in 
“ The Aeroplane” dated April 2, 1943 


OST famous of all, the Rolls-Royce motors have proved a very 

rock on which the technical and tactical superiority of the Royal 

Air Force has been founded . . . Today the Merlin powers one of the 

World’s fastest fighters, the World’s fastest bomber, the World’s 

heaviest long-range bomber in service and, perhaps greatest tribute of 

all, it is the only foreign engine to be built in the U.S.A. and installed 

in American military aircraft in preference to any other. Without both 

the production and performance of the Merlin the Battle of Britain 

could never have been won, and the future history of the World would 
have been written differently. 
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VITAL INFORMATION 
to all users o 
flexible hose- 


THE MANUAL OF 
TECHNICAL DATA 
on FLEXATEX 


The Manual of Technical Data on Flexatex gives 
useful technical data on Flexatex, together with 

full instructions on its applications and some 

remarks on its construction. Bona fide enquirers — 

are invited to apply for the Manual. If details of ~ 

fluids or gases to be conveyed are provided, 

specific information will also be supplied. 


WIDE RANGE OF 


NON-RUBBER flexible HOSE FLUIDS OR GASES 


WILKINSON RUBBER LINATEX LTD., FRIMLEY RD., CAMBERLEY, SURREY. 72! 


Camberley 1595. Also in Canada, Australia, S South Attics, U.S.A, ete 
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‘AIRDRAULIC’ STRUTS 
& HYDRAULIC UNITS — 


AUTOMOTIVE PRODUCTS COMPANY LTD. 


} 


y but what about jointing?” 


Yes sir! Hiduminium Aluminium Alloys 
can be welded, seamed, riveted and otherwise 
fabricated into the most diverse range of 
assemblies with perfect joints. 


The fuel tanks of aircraft are examples of 


ED 
the confidence placed in the jointing of 
rhe! aluminium: there is no need to stress the 
shock - proof qualities essential in this 
equipment. 
Lic Before the war, the brewery, petroleum and 
, dairy industries were making increasing use 
es of aluminium alloys for storage tanks and 
“ands | other containers. In these applications 
rake | faultless joints were imperative, as were the 
cered factors of corrosion and impact resistance, 
: lightness and strength. 
‘us | Tell us the nature of your problem, and we’ll 
accord tell you how Hiduminium can help you, 
reither either in production equipment or product 
“ie improvement for post-war enterprise. Please 
«fabric write to the Development Department. 


es HIGH DUTY ALLOYS LIMITED*+ SLOUGH 
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WARWICK AVIATION CO.LTD. 


AERONAUTICAL ENGINEERS 
AND CONSTRUCTORS 


Contractors to the Air Mini, War Office and Admiralty a 
DESIGNERS OF 


OFFICE: SALTISFORD, WARWICK 
Phone : Warwick 693 a 


ABOUT 


NON-FERROUS \ 


ACRYLIC RESIN SHEET AIRCRAFT 
| 
| 
| 


% It is ideal for the production 
of difficult shapes. 


%& Retains its original clarity 
for all time. 

‘PERSPEX’ is the perfect 

transparent material for aircraft 


1.C.1 (PLASTICS) LTD. 


(A subsidiary company of 
Chemical Industries Ltd.) 
Sales Offices at: Mill Hill, London, N.W.7: Fully a he A and A/D. 


Oldbury, near Birmingham; Alderley Edge, | L 1 
© | ~ MANLEY-STAFFS. ~ 


Telegrams. BIRKETT,HANLEY, elephone: STOKE ON TRENT 21845 ¢ 
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and structure of scientific equipment and 
apparatus, when the elimination of dead- 
weight is a first essential, the new needs 


are adequately met by the employment of 


In this de- 


specialised Aluminium Alloys. 
keep pace, adapting 


velopment shall 
our product to the requirements of its users, 


our system of production being standard- 
For we produce 


quality. 
every conceivable 


Aluminium Alloys for 
*Tomorrow it will be for instruments 


ised only for 


purpose. 
of peaceful discovery. 
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Of highly developed design 
and efficiency, Rotax Magnetos 
are fitted on many well-known 
types of Aircraft. 


ROTAX. LTD WILLESDEN JUNCTION. LONDON — 


PATENT NO. 519567. (REGD,) 


€ Rubbaglex sheeting is processed 
on 100%, pure glass cloth, has very 
high tensile strength, and combines 
flexibility and resiliency with non- 
stretching properties. 


© It Is impervious to Aromatic 
Hydro Carbons, Hot Engine Oil 
| (Spec. D.T.D. 109) Di-ethylene Gly: 
| col, Paraffin, and various solvents. 


© Specially processed to ensure a 
minimum thickness variation of 
Plus/Minus .002”. Processed from 
| a minimum thickness of .006’ toa 
maximum thickness of .125’. 


© Highlyrecommended for Gaskets, 
Washers, Jointings, Diaphragms, 
| Sleevings, etc. 

" Used by leading electrical, 
| mechanical & aircraft engineers, etc. 


SOLE PATENT LICENSEES:— 


FLIGH 


WESTLAND AIRCRAFT LIMITED | 6501-2 


<> sito 3 GROSVENOR GARDENS, LONDON, S.W|! 
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AIRCRAFT LIMITED 


_ BRANCH OF HAWKER SIDDELEY AIRCRAFT.Co. 


| 5 
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ritten in 18 seconds, 
using the normal | 
ydraulic controls. 


CROYDON 


AIRCRAFT CONSTRUCTION 
MAINTENANCE AND REPAIR 


Smuae’s 


For compressed asbestos joints to 
Air Ministry Specifications DTD 
378 and DTD 416; and also 
“‘Marseline ’’ oil, petrol and 
water joints, consult one of the 
original makers of joints for the 
aero industry. 


THE SOUTHWARK MANUFACTURING CO. L1o. 


Telephones: Victoria 2722 & 2723 
Telegrams: “ Orient" Birmingham BIRMINCHAM 9 
ESTABLISHED 1903 


On Air Ministry List of Approved Suppliers, Part 
S.J.1e. 
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This 5,000 ton Aircraft 


MANCHESTER - GLASGOW 


HE Model 7 Universal AvoMeter is the world’s most widely 

used combination electrical measuring instrument. It pro- 
vides 46 ranges of readings and is guaranteed accurate to B.S 
first grade limits on D.C. and A.C. from 25 to 100 cycles. It 
is self-contained, compact and portable, simple to operate and 
almost impossible to damage electrically. It is protected by 
an automatic cut-out against damage through severe overload 
and is provided with automatic compensation for variations 
in ambient temperature. 


The AvoMeter is one of a useful range of “‘Avo ™ electrical 
testinginstruments which are maintaining on active service 
and in industry the “Avo” reputation for an unexcelled 
standard of accuracy and dependability — in fact, a 
standard by which other instruments are judged. 
Some delay in delivery of Trade orders is inevitable, 
but we shall continue to do our best to fulfil your 
requirements as promptly as possible. 
Sole Proprietors and Manufacturers : 
AUTOMATIC COIL WINDER & ELECTRICAL 
EQUIPMENT CoO., LTD. 


Winder House, Douglas St., Leadon, S.W.1, Vic. 3404/7 
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HYDRAULIC PRESSES 


specially designed for the rubber 
pad process of forming metal 
aircraft parts are manufactured 
in the following standard sizes :— 


Tonnage 1000 2500 
a 60” | 96” | 96” | 168° 
x | | 
Size 26” 48” | 48” | 50” 
Max. 


| 
Tables | | 


H.P.M. 
FASTRAVERSE 
HYDRAULIC PRESSES 


are also manufactured for 
numerous other applications. 


For apply to: 


AGENTS 


-_NEWCASTLE © COVENTRY ENCLAND e 


INSTRUMENTS 


Instruments for Aircraft by Short & Mason, 
| Ltd., London, E.17, makers of scientific 
| 


instruments for more than seventy years. 


sin one of the Airframe 
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_ Te well mitt flmidable 
Soon It wll be routine, not ad 
venture. A British Mercantile Air 
Fleet of fast cargo planes will 
) deliver necessities to war- 
stricken countries, establishing 
new markets for Britain. 
Weybridge Biades—the ‘‘Ace 
of Blades’’—will keep them flying, 
as surely and efficiently as Britain's 
| war planes. 
| Weybridge wooden propeller 
| Carbon & Alloy Steels | blades cannot fatigue like metal. 
| of the highest quality 
| DROP FORGINGS 
RAILWAY MATERIALS | BLADES 
| 
Small Tools & Tool Steels | THE ACE OF BLADES 
” | FOR ALL AIRCRAFT PROPELLERS 
- ENGLISH STEEL CORPORATION!"® | THE AIRSCREW CO., LTD. ENGLAND 
rs | VICKERS Works. | 
P3 


xvi JOURNAL OF THE ROYAL ABRONAUTICAL SOCIETI June, 1945 


THE THIRST FOR POSITIVE KNOWLEDGE 


Legend tells of many a brave man who de- 
voted his lifetime in the effort to gain positive 
knowledge of controlled flight. Berblinger, 
*‘ the Flying Tailor of Ulm,’ trusted his life to 
a flying suit of his own invention, escaping 
, SD with no worse effects thana dip in the Danube. 
AS Octave Chanute, in the last century made 
over 1,000 glides in the apparatus illustrated 
here, which is said to have encouraged the 
Wright Brothers in their experiments. 
Positive knowledge of many aspects of flight 
is to-day provided to pilot and aircrew by 

af Weston Instruments which guide and 
inform from take-off to landing. 


Weston 


Aircraft INSTRUMENTS 


POSITIVE KNOWLEDGE—FROM 
TAKE OFF TO TOUCH DOWN 


7, 


MO WESTON LTD. ENFIELD, MIDDLESEX __ 
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THE JOURNAL 
THE ROYAL AERONAUTICAL SOCIETY 


With which is Incorporated The Institution of Aeronautical Engineers. 


CONTENTS FOR JUNE, 1943 
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THE JOURNAL OF THE RoyaL AERONAUTICAL Society was founded in 1897 in succession to the 
ANNUAL Reports. 


For the opinions expressed in Papers that are signed or initialled the authors alone are 
responsible. None of the papers or paragraphs must be taken as expressing the opinion of 
the Council of the Royal Aeronautical Society unless such is definitely stated to be the ease. 


The Journal is published monthly at the Offices of the Society, 4, Hamilton Place, Piccadilly, 
London, W.1. 


Subscriptions per annum, £3.3.0 post free; Single Numbers 5/- or 5/3 post free. 
All communications for publication in the Journal, or on general matters affecting the Society 
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The and Editor, 
J. Laurence Pritchard, 
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auameTaL BEARINGS & BUSHES 
THE HIGHEST QUALITY . . CAST BY THE 


“EATONIA” PROCESS 


CASTINGS AND BARS AND FINISHED MACHINED PARTS SUPPLIED TO THE LEADING 
AEROPLANE ENGINE MAKERS MOTOR VEHICLE ENGINE MANUFACTURERS 
MARINE ENGINE BUILDERS 


Contractors to all Government Departments 
YORKSHIRE ENGINEERING Supp.Lies LIMITED 
BRONZE FOUNDRIES, worTLeY, LEEDS, 12 
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Aircraft Engineering 
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The Technical and Scientific Aeronautical Monthly 
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Tne practical 
¢o-operation of 
our experienced 
Technical Staff 
ts available at 
all times 


has played a vitally important part in the construc- 
tion of wooden aircraft components. The test of 
time has conclusively proved its extraordinary 
durability and unfailing strength under the most 
drastic conditions. For this reason the leading 
Aircraft Manufacturers specify ‘‘ Certus.”’ 


Sole Manufacturers: 
eres, CENTRAL CHEMICALS LIMITED 
HOP 1558 ADHESIVE SPECIALISTS Boroh, London 


CENTRAL BUILDINGS, 24 SOUTHWARK STREET, LONDON, S.E.1 
(Fully approved for Testing and Issue of Release Notes under Air Ministry Ref. 437610, July, 1923) 
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WITH WHICH IS INCORPORATED THE INSTITUTION OF AERONAUTICAL ENGINEERS 


MONTHLY NOTICES 
JUNE, 1943. 


Education and Training of Aeronautical Engineers. 


A discussion will be held in the Lecture Hall of the Institution of Mechanical 
Engineers (by kind permission of their Council), Storey’s Gate, Westminster, 
S.W.1, on Friday, June 25th, 1943, at 5.30 p.m. The discussion is intended 
to cover every side of aeronautical engineering training and will be opened by 
Sir Roy Fedden with a short outline of training of aeronautical engineers in 
America. 

In view of the importance of providing for an adequate supply of trained 
engineers in industry, in research, and in the Royal Air Force, it is hoped that 
all those who have views on aeronautical education will come along and express 
them. The Society will welcome any written views. 


Library Opening. 


The Library will be open on Saturday afternoons from 2.30 p.m. to 5.30 p.m., 
on and after Saturday, June roth, until further notice. A member of the 
Graduates’ and Students’ Committee will be in attendance on Saturday afternoons, 
and the Library will continue to be open as long as the attendance justifies it. 


Changes of Address. 


The attention of members is particularly called to the amount of work placed 
upon the heavily depleted staff by members who frequently change their addresses. 
It would considerably help the work of the office if members would give some 
permanent address to which Journals, etc., could be sent. 

Owing to the extreme shortage of paper it will not be possible in the future 
to replace any Journals which have been lost in the post, due to such changes 
of address. 


Craduates’ and Students’ Lectures. 


The following lectures have been arranged as Joint Meetings with the Graduates’ 
Section of the Institution of Automobile Engineers, and will be held in the 
Library of the Royal Aeronautical Society, 4, Hamilton Place, W.1 :— 

Wednesday, 16th June, at 7.30 p.m.—‘* Applications of Photography to 
Engineering,’’? by Dr. Baines, F.I.C., F.R.P.S., of Kodak Research 
Laboratory. 

Wednesday, 14th July, at 7.30 p.m.—‘ Surface Finishing,’’ by J. A. Oates, 
of ** Aireraft Production.”’ 
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Election of Members. 
The following members were recently elected :— 

Associate Fellows.—Edward Noel Brailsford (from Student), George 
Dobson (from Student), Harold Hay Hutchison, Alexander Jardine 
(from Graduate), Dennis Charles Jenkins (from Student), Thomas 
Bonar Lyon, Eric Beecroft Moss, Nyman Simmons, Charles James 
Walker (from Associate), Lawrence Roy Wilson (from Graduate), 
Charles George Alfred Woodford. 


Associates.—Edward John Walter Ahier, David Drummond Anderson, 
Reginald Louis Attwood, Peter Bethell, Hubert Frank Chase, Leslie 
Peter Clarence Jack Dudley, Edgar Grocock, Herbert Norman 
Linforth, Kenneth McDowell, Donald Macfarlane, James Wesley 
McGinness (from Student), Sidney Joseph Paine, John Hall Sinclair, 
William Arthur Summers, Douglas Milton Wiggins. 


Graduates.—Anthony Frank Carr, Walter Leonard Clarke (from Student), 
Edmund William Coates (from Student), Henry George Ewing, 
Howard Stanley Fowler, Robert John Garvey, Alfred C. Heggie, 
Stanley Steele Holman, Denis Keogh Kempston (from Student), 
Rhagavatula Venkata Sesha Chalapathi Rao, Bryan Oliver Shepherd, 
Ronald William Smith, David Herbert Whaley (from Student), 
James Benjamin Yates. 

Students.—Alan Farrer Barker, Simon Brenner, John Frederick Cannell, 
Alan John Curzon, Cyril Lano Dodd, Frank Ferguson, Alan Victor 
Garrett, Ivor Edward Giles, Thomas Duncan Haywood, Douglas 
Gilbert Hitchcock, Samuel Stanley Laurie, William Maurice Locke, 
George Kenneth Mercer, Norman Nash, John Bernard Partridge, 
Reginald Charles Sanders, Reginald H. L. Shields, Alfred William 
John Smith, George Henry Watkin Thomas, Bernard Phillip Weaver, 
William Verley Williams. 

Companions.—Edwin Gibson Pattison (from Student), Clive Thomas 
James Ware (from Student). 


Additions to Library. 
Pamphlets in italics with location reference following in brackets. 
Books marked * or ** may not be taken out on loan, 

A.a.297.—A Simple Study of Flight. (3rd Ed.) J. D. Haddon. Sir Isaac 
Pitman. 1943. 4/6. 

*B.a.29g1.—The Vega Ventura Bomber. Ministry of Aircraft Production. 
(Press Release, 24/4/43.) (¥.3.ii1.16.) 

BB.a.13. Flight and Airframes for the Aircraft Fitter. D. O. Bishop and 
P. A. Bosanquet. Sir Isaac Pitman. 1943. 10/6. 

C.f.25.  Life-Belts of the Air. Frank W. Lane. (Article in“ Everybody's,” 
10/4/43.) (Y¥.2.d.5.) 

*D.a.C.19.—Civil Aviation Statistics (Canada), Nov., 1942. Pominion Bureau 
of Statistics, Ottawa. 1943. (File Case.) 

*E.h.2.—B.S. 1,100. Principles of Production Control: Ofice Aid to the 
Factory. British Standards Institution. 1943. 6d. (PE.1.a.7.) 
EE.c.69.—Aero-Engine Theory: A Fitter’s Course. D. R. W. Archer and 

A. C. Ree. Sir Isaac Pitman. 1943. 10/6. 
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EE.c.70.—Aero Engines for Students. R. A. Beaumont. Allen and Unwin. 
1943- 

*G.e.D.23.—Aero Research Technical Notes. Aero Research, Ltd. 1943. 

*I.e.25.—Four-Figure Mathematical Tables. Cargill G. Knott. W. and R. 
Chambers. , 

*Q.a.147.—Technical Library Catalogue. Rotol Airscrews, Ltd. 1943. 

Q.b.70.—Report of Proceedings of 17th A.S.L.1.B. Conference, 1942. 
Association of Special Libraries and Information Bureaux. 1943. 


TT.a.43.—The Flying Shadow. J. Llewelyn Rhys. Faber and Faber. 


1943- 2/-- 
*UU.c.—National Advisory Committee for Aeronautics, U.S.A. Technical 
Memoranda :— 


No. 1,042. Theoretical Determination of Axial Fan Performance. E. 
Struves (CLASH Nos 295) 1937.) 

No. 1,043. Experimental Investigation of a Model of a Two-Stage 
Turbo-Blower. S. Dovjik and W. Polikowsky. (C.A.H.I., No. 191, 


1935.) 


Special Notice: Annual Report, 1942. 
The following matter was inadvertently omitted from the \nnual Report for 
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ON A NEW THEORY OF FREE TURBULENCE.* 


H. REICHARDT. 
(Zamm, Vol. 21, No. 5, October, 1941.) 


Translated by M. F Lint. 


Measurements of momentum in regions of turbulent mixing show that an 
analogy exists between the processes of turbulent and molecular balance which 
enables a rational application of the differential equation of thermal conduction 
to the propagation of turbulent momentum to be made. This fact forms the 
basis of a new phenomenological theory of free turbulent flows. 


1. EFFICIENCY AND LIMITATIONS OF THE HitHERTO EXISTING THEORY OF THE 
Mixina Patnu. 


Whilst the molecular theory can be developed from definite postulates, because 
the elements of the relevant statistics, viz., the molecules, are previously given, 
the theory of turbulence is in the difficult position of possessing no sound basis 
upon which any statistics can be formed. This is due to the fact that the 
elementary constituents of turbulence, namely, the vortex whirls, are extremely 
variable structures, which affect each other in a manner very difficult to recognise. 
The results or the methods of molecular physics cannot therefore be applied 
directly to the mechanics of turbulence. 

In spite of considerable differences, however, the molecular and turbulent 
processes have certain essential features in common. For example, there is a 
similarity in the transmission of shear. In both cases the shearing stress is 
brought about by the fact that elementary parts with a certain value of momentum 
of the principal velocity, as a result of a transverse motion about a ‘‘ free length 
of path,’? reach a new environment with another principal velocity and there, 
through impact or mixing, impart their excess momentum to the neighbouring 
parts or slow them down through their smaller momentum. 

It is therefore natural to apply the physical interpretation of the molecular 
concept of the free length of path to the motion of turbulent interchange and 
employ this quantity for the representation of the turbulent apparent friction. A 
concept corresponding to the free length of path, viz., the so-called Prandtl 
‘ mixing length,’’ has indeed been evolved from such considerations! for turbu- 
lence. This Prandtl mixing length rendered it possible for the first time to deal 
mathematically with turbulent flows. 

On the basis of the notion that an eddy whirl travels a certain path I’ without 
mixing with its surrounding medium, Prandtl obtains for the variable velocities 
v’ (in the direction of the principal flow) and v’ (in the transverse direction) the 
expressions 


dy dy 
and thus for the turbulent apparent friction 7=pu/v! the relation 
di di 
f dy dy ) 


* Reprinted by permission of the Ministry of Aircraft Production (R.T.P.). 
1 L. Prandtl. Bericht tiber Untersuchungen zur ausgebildeten Turbulenz. Z.A.M.M., Vol. 5, 
1925, p. 136. 
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Here a is the mean velocity in the direction of the principal fow z, y the 
transverse direction in which the interchange takes place, p the density of the 
medium and / the quantity defining the *‘ mixing path ’’ derived from the mean 
value of I’, and I’,. 

To enable the mean velocity of a turbulent flow to be calculated, suitable data 
for the quantity | were still needed. Here of necessity resort had to be made 
to the empirical facts which providéd the basis for the development of useful 
theorems. 

Since its first formulation in 1925 the theory of the mixing path has been 
applied in many cases, as manifested abundantly in literature. These investiga- 
tions are concerned in part with the flows in the neighbourhood of walls, but 
chiefly with the processes of turbulent propagation without obstruction due to 
walls. These processes of the so-called *‘ free turbulence,’’ owing to their 
relative simplicity, are also comparatively easy to deal with. 

The results hitherto obtained by the application of the mixing path theory 
may be briefly summarised as follows: In many cases the mean motion of the 
flow has been calculated approximately. The logarithmic velocity profile which 
appears in friction layers has been explained. In the matter of free turbulence 
the main features of the observed rules governing the propagation of the mixing 
regions in the direction of the principal flow have been correctly interpreted. 

The results obtained hitherto, however, have not been so rigid as to admit 
of no other explanation. It cannot therefore be actually claimed that the concept 
of the mixing path has been confirmed by experiment and that it has been the 
means of acquiring any essential insight into the structure of turbulence. The 
following objections present themselves in this connection. 

The investigations are concerned exclusively with the calculation of the mean 
velocities and their comparison with the measured mean values. These mean 
value investigations alone, however, are not sufficient for the determination of a 
quantity which is to be characteristic for the structure of turbulence. An explana- 
tion of the notion of the mixing path will therefore depend essentially on investiga- 
tions of fluctuations, the purpose of such investigations being to determine the 
relation between the fluctuation quantities and the mean values. 

But the mean value investigations carried out up to the present have also 
been hampered from the outset by a fundamental difficulty. The original 
theorem! leads to velocity profiles which, compared with the measured _ profiles 
are much too sharply pointed, at their maxima (in particular the velocity gradient 
and the second derivative show that the run of the calculated profiles may not 
be correct). For a physically satisfactory representation of turbulent profiles 
therefore, Prandtl in his first publication? gave a more complicated expression 


of the form 
dit “diy? \2) + 


In addition to the actual mixing length / a second mixing length |, is defined 
by this expression. As the expanded theorem contains two freely disposable 
quantities, the theory can be better adapted to experiment. It has been possible 
in fact, in individual cases, though a great deal of mathematical computation 
was involved, to calculate with theorem,” profiles conforming faithfully to the 
true profiles. 

Considered physically, the method of working with two free quantities adapted 
to the momentary requirements, however, is not by any means satisfactory. If 
it is already far from easy clearly to define the length 1, the length |, introduced 
from further qualitative considerations would appear to be still more difficult to 
interpret. The question therefore arises as to whether any advance at all can be 


2 cf. Footnote 1. 
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made from the physical point of view along the lines of the theory hitherto 
followed. 


2. THE SUITABILITY OF THE INDUCTIVE METHOD. 

It seems to the present author that an essential cause of the present position 
of the theory lies in an over-estimation of the deductive method of consideration 
adopted in turbulence research. The mathematical hydrodynamician is accustomed 
to accept the equations of motion as found on a physically sound basis. This 
is certainly justified to a large extent in hydrodynamics. In many cases the 
theory is definitely correct, when the problem can be dealt with mathematically. 
In the case of difficult problems which can only be solved approximately, experi- 
mental data are very often needed. But then these data are in fact incorporated 
organically in a theory which in itself is reliable. 

The circumstances in turbulence research, on the other hand, are quite different. 
Here we have practically no theoretical bases whatever to go upon. These bases 
have indeed first to be created. Resort must therefore be made essentially to 
the evidence of experiment, and even here there is a tendency to develop the 
theory by deduction on the bases of general assumptions, which is tantamount 
to putting hypothetical theorems to the test. This work of adapting a theorem 
to the experimental facts, however, is rendered difficult because of the whole 
mass of calculations, mostly highly complicated, which come between the theorem 
and the experiment and, with every variation of the postulates, has to be worked 
out afresh, 

For researches on turbulence based on experiment, on the coutrary, it would 
appear more suitable to adopt the inductive method by establishing a direct 
foundation of the theory on the experimental results. When the actual pheno- 
mena have been mathematically represented, the correct ‘‘ theorem ’’ will 
certainly be obtained by reversing the mathematical procedure hitherto followed. 

Naturally the inductive method also has its difficulties because the ‘‘ correct ’ 
curves must be made to lie through the scattered measurement points. Further, 
both the measurement errors and the influences of superposed effects of a higher 
order (which in a field of research still little explored are at first of no interest) 
must be correctly assessed. The solution of this problem of discovering the 
essential governing laws from the most widely differing measurement results 
within the limits of an inevitable uncertainty, however is relatively easy, when 
once through exhaustive observation of the phenomena a practicable hypothesis 
has been evolved. 

Thus even with purely phenomenological procedure, speculative considerations 
cannot be dispensed with altogether. Compared with the deductive methods, 
however, there is this fundamental difference, that the idealising assumptions are 
directly related to the measurement results. A direct check on hypotheses is 
thereby rendered possible. 


3. ON THE PossrBILIty OF A Comparison BETWEEN THE PROCESSES OF MOLECULAR 
AND TURBULENT BALANCE. ‘ 

In flows of free turbulence no great difficulty is entailed in forming a general 
hypothesis. As it is a matter here of statistical balance processes, a comparison 
of the turbulent processes with the molecular phenomena of diffusion and thermal 
conduction naturally suggests itself. Even though in their details the molecular 
and the molar processes take place quite differently, it is on the other hand highly 
probable that with the turbulent processes also in the end effect purely statistical 
distributions will be obtained. In fact the measured velocity distributions in 
free jets and in dead-water regions in many cases exhibit a strong similarity 
with the Gauss error curve. The error curve represents the run of the profiles 
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in particular in the neighbourhood of the maximum (which does not work out 
correctly with theorem (1) very satisfactorily.* 

fhe obvious inference therefore is, that differences of momentum‘ in a flow 
of free turbulence are balanced in a manner similar to differences of concentration 
or differences of heat or temperature. For example the momentum curves, 
measured ten vears ago by H. Muttray,? which exhibit the gradual fading- 
out of a momentum trough behind a body of resistance afd the known fading- 
down curves of the thermal conduction theory are so alike as to be hardly 
distinguishable. «(It is necessary merely to exchange the distance 2 from the 
position of the disturbance appropriately with the time parameter of the 
temperature curves.) 

The hypothesis, that the distribution of turbulent momentum of the principal 
motion is capable of being represented by a partial differential equation of the 
type of the equation of thermal conductivity (the place parameter appearing in 
place of the time parameter) will thus readily present itself to an unprejudiced 
observer of the Muttray measurement results. We therefore put 

or dy? (3) 

The reason why the equation of thermal conduction has not yet been applied 
to the processes of free turbulence (the present author at any rate is unaware 
of any such attempt having been made) must be due to the existence of a certain 
prejudice against a solution of this kind. In fact the question of analogy also 
gives rise to a fundamental objection, namely, that a quantity corresponding to 
that of the thermal conductivity, does not exist in the momentum case. The 
physical significance of the quantity of equation (3) therefore (at first sight at 
least) is not clearly seen. 

This objection however is not decisive, because every new theory at first brings 
in new unknowns. There must therefore have been another reason against. the 
consideration of a molecular analogy. Apparently this lay in the available results 
obtained from previous investigations of the so-called free jet boundary (where 
a free jet at constant velocity comes into contact with fluid at rest), which were 
incompatible with such a manner of approach to the problem. 

The plane contact of two jets with different velocity corresponds in the thermal 
case to the plane contact of two bodies with different temperature. The theory 
ol thermal conduction as we know leads to temperature distributions in the 
transitional region, which are represented by error integral curves. When the 
bodies have the same conductivity, the plane - contact always has the mean 
temperature, and the two branches of the erro~ - «! curve lie (with changed 
sign) ‘‘ symmetrically ’? with respect to the boundary surface. Thus, if the 
analogy between the processes of the molecular and the turbulent balance is 
really suitable, the momentum curves in the region of mixing of two jets must 


potential motion of the outer space sets a limit on the turbulent propagation. 
The velocity distributions measured in the two-dimensional free jet by Férthmann 
were recently represented by Okaya and Hasegawa by the equation 


\4 


where (A\=yv/x and k=const. The authors discuss the compatibility of this velocity 
formula with the mixing path theorem (2). (Proc. Physico. Math. Soc. Japan, No. 3, 
Vol. 22, 1940.) 

4 The velocity as such is not physically effective, but the momentum pu?. When 
pu? is represented by an error curve, the distribution of wu is also an exponential 
function. In wake regions the loss of momentum is approximately —2Uu, (U=constant 
principal velocity, #,=velocity loss). Here therefore (with moder: tely large values 
of #,) loss of momentum and loss of velocity: are proportional to each other. 

° H. Muttray. Die experimentallen Tatsachen des Widerstandes ohne Auftrieb. Hdbk. d. 
Exper. Phys. von Wien-Harms. IV. 2, p. 325, 1932. 


eos %’ The error curve naturally can no jonger hold on the outermost boundaries, because the 
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be error integral curves, which likewise (in the given sense) lie symmetrically 
with respect to the boundary surtace. 

A lack of symmetry might naturally be explained by the assumption of different 
momentum conductivity on the two sides of the boundary. Such an ex- 
pedient however is not permissible, since our considerations of analogy, which 
is intended only to interpret the essential nature of the process of turbulent balance, 
can only have physical meaning and be pursued by adopting the assumption that 
the capacity of propagation of momentum is independent of the value of the 
momentum itself and (at any rate as a first approximation) .of y. That the 
turbulent processes as a second approximation are very probably quite different 
and considerably more complicated than the corresponding molecular processes, 
hence that a comparison in the second approximation would be highly problematic, 
need not be discussed more closely here. 

The investigations at the tree jet boundary hitherto carried out, refer to the 
most easily realisable and practically important limit case, where the u-velocity 
vanishes on one side, thus where a jet of constant velocity comes into contact 
with fluid at rest. Here, therefore, at the boundary surface we should expect | 
half the momentum of the maximum velocity, and the distributions of momentum 
on either side of the boundary would have to correspond exactly one with the 
other. In reality, however, as yet only distinctly asymmetrical distributions of 
the total pressure (which in practice corresponds to the momentum), have been 
measured.® The total pressure of the boundary surface was always found to 
be smaller than half the maximum pressure, and the curves of the measured 
distributions run flatter on the side of the fluid at rest and much more steeply 
into the jet. 

rhe pronounced asymmetry of the measured momentum curves may also appeat 
plausible, because tresh fluid is continually being sucked in from the region of 
rest, but not, on the contrary, from the other side. Thus different hydrodynamical 
conditions undoubtedly exist on the two other sides of the boundary. \dded to 
this is the fact, that the established asymmetry of the total pressure distribution 
could be quite well explained by the mixing path theorem (1). It can therefore 
be very readily understood why a comparison between the processes of turbulent 
and molecular balance has not been attempted, more particularly since the study 
of the boundary of the jet (whose behaviour was of considerable interest in connec- 
tion with the design of wind tunnels), belonged to the earliest investigations on 
the subject of free turbulence. 

These arguments against the application of a consideration of the molecular 
analogy, however, are only apparently inconsistent. The quantity of the fluid 
sucked in on one side from the fluid at rest does indeed play an essential part, 
but the transverse pulse of the unilateral inflow is nevertheless quite insignificant. 
From the point of view of the balance of momentum (and this is the only point 
concerned in the consideration of the analogy) the asymmetry referred to is 
therefore negligibly small. 

But do not the available measurements nevertheless speak against an application 
of the molecular analogy? This also is only an illusion. The measurements 
were carried out on jet boundaries which were not by any means truly two- 
dimensional. The early Géttingen measurements refer to the circular free jet, 
and the original rectangular jets of Cordes and v. Bohl at a certain distance from 
the nozzle also probably ceased to be absolutely plane.’ In the case of the circular 
free jet it is fairly obvious that the run of the momentum curve outwards is 
flatter and inwards into the jet is steeper. (The corresponding thermal conduction 
problem (heated eyvlinder in a co!der surrounding medium) is also asymmetrical). 


cf. Ergeb. d. Aerodyn. Vers. Géttingen, 2nd Ed., 1923, p. 69; further, G. Cordes, Ing. 
Arch., Vol. 8, 1937, p. 245; v. Bohl, Ing-Arch., Vol. 11, 1940, p. 295. (Cerdes’ 
measurement points deviate only slightly from the error integral curve.) 

7 W. Tollmien. Berechnung turbulenter Ausbreitungsvorginge. Z.A.M.M., Vol. 6, 1926, 

p. 468. 


on 
1g- 
ily 
he 
he 
he 
in 
ed 
(3) 
ied 
ire ; 
un 
Iso 
to 
he 
at 
igs 
the 
Its 
ere 
Bre 
nal 
ory 
the 
the : 
an 
red 
the 
is 
ust 
the 
inn 
‘ity 
ey 
hen : 
tial 
ant = 
ues 
d. 


172 H. REICHARDT. 


The decision of the question whether an application of the molecular analogy 
to the processes of free turbulence is fundamentally possible or not, thus depends 
on measurements of total pressure on a true two-dimensional jet boundary. The 
present author has therefore been engaged in such investigations. By suitably 
guiding the jet it was contrived that practically two-dimensional conditions were 
still presented even at a relatively great distance from the nozzle. 


The investigations carried out under these conditions now show that. the 
distributions of momentum are, as a first approximation, actually symmetrical 
and can be repfesented surprisingly well by error integral curves. This fact 
was proved by many careful measurements at the most widely varying distances 
from the nozzle. 
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Total pressure distribution in the mixing zone of the two-dimensional 


jet boundary. 


The figure shows the results of one such series of measurements. The black dots 
indicate the total pressure values q determined at the individual transverse 
distances y for a specified x-distance from the nozzle (these values are referred 
to the maximum total pressure q,,,, of the nozzle flow).The full-line is the error 
integral curve which runs to the boundary y=o through the point q/qmax=0-5) 
which with its two branches (in the given sense) lies exactly symmetrical with 
respect to the boundary surface. The measurement points lie either on or in 
the immediate neighbourhood of the error integral curve. On close examination 
it is seen that a slight asymmetry undoubtedly exists. This, however, is so 
trivial that it only appears distinctly with a very high degree of measurement 
accuracy (which was achieved by obtaining mean values over relatively long 
periods of time). 

Owing to the importance of this question the differential quotient of the impulse 
for a distance 2 was determined from the pressure difference of two small closely 
neighbouring pitot tubes. The results of these differentiation measurements are 
shown by the light circles (the individual values referring again to the highest 
value). With exactly symmetrical conditions the measurement points would lie 
on the error curve drawn in the figure, which is obtained from the differentiation of 
the full-line error integral curve. Actually the measurement points are displaced 
slightly to the left. The slope of the total pressure curve is thus actually slightly 
flatter on the outer side than on the jet side. 
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The departures trom the symmetry, however, are so small that for a theory 
of the first approximation they may safely be neglected.* The essential argument 
against the application of the molecular analogy to free turbulence is thus removed. 

The intuitive application of the theory of thermal conduction to the processes 
of turbulent propagation also obtains its particular justification owing to the 
fact that the statistical functions of the error curve and of the error integral curve 
represent the measured distributions of momentum considerably better than the 
functions obtained with the mixing path theorem (1). Besides this, the 
mathematical work is incomparably simpler than that entailed by the mixing path 
theory.° 


4. DEVELOPMENT OF A PHENOMENOLOGICAL THEORY OF FREE TURBULENCE ON THE 
Basis oF THE MOLECULAR ANALOGY. 
A\ brief résumé of our theory is given below. 
The distributions of momentum in two-dimensional free jets (slot jets) and in 
two-dimensional wake regions in accordance with the available measurements 
can be represented with good approximation by the equation 


Pac, + (SE ° (4) 


(where the length b is a measure, variable with 7, for the width of the mixing 
zone and ¢, and c, are constants). 


oe 


This equation is a solution of the differential equation (3), if, for the ** trans- 


mission quantity "* \, we put 
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As the distribution of momentum at the boundary of a two-dimensional jet, 
which borders on a fluid at rest, can be represented approximately ‘by an error 
integral curve, we may also put quite generally for the case of the two-dimensional 
contact of two parallel jets :— 


This equation also is a solution of (3) if, for the transmission quantity we again 
introduce relation (5). 

The distribution of momentum at a relatively large distance behind a_ plane 
grid may again be represented in good agreement with available measurements!" 
by the equation (7). 


8 It is unreasonable to demand too great a degree of accuracy, because with intense turbulence 

(particularly in the botndry regions) systematic measurement errors are bound to 

: ur 

appear. Besides this, the difference between the measured total pressure pte 
and the momentum pu? is of the order of value of the deviations of the measurement 
points from the error curve or the error integral curve. 

It might moreover also be conceivable that p+pu? and not pu? is statistically 
distributed (equation (10) would then be modified accordingly). Such refinements, 
which in themselves are of fundamental significance, cannot, however, be assessed at 
the moment, since a sufficiently exact method for the determination of the static 
pressure is still lacking. 

* A detailed exposition of the laws governing free turbulence on the basis of the theory 
developed here will be published shortly as a VDI-Forschungsheft. In this paper also 
the suitability of the statistical functions for the representation of the variation of 
momentum (impulse) is proved in detail on the strength of a large number of 
measurements. 


10 R. Gran Olsson. Geschwindigkeits-und Temperaturverteilung hinter einem Gitter bei 
turbulenter Stromung. Z.A.M.M., Vol. 16, 1936, p. 257. 
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(Here £ is the grid spacing. The exponent f(z) according to the measurements 
available appears to be proportional to z.) 
Equation (7) is likewise a solution a (3), if for A we put :— 


We have thus determined the transmission quantity for the two cases of the 
variable and the constant mixing width. No fundamental physical interpretation, 
however, is achieved by this purely formal determination of \. (The physical 
significance of A will in fact not be clearly recognised until it has become possible 
to represent the processes of free turbulence by statistics of the vortex whorls.) 

Having established that equation (3) very approximately represents the law 
governing the transmission of momentum for the known region of free turbulence, 
we have now to seek the ‘‘ theorem ’’ which is necessary if the differential 
equation (3) is to follow from the equation of motion. 

The equation of motion of the two-dimensional problem expressed in the 
momentum form neglecting viscosity forces is 

If further, as a first approximation, we neglect the pressure differences (which 
in the processes which led to equation (3) is certainly permissible), we see that 
equation (3) is obtained from the equation of momentum only when for wr the 
relation 


= — { 


holds. 

This relation concerning the wandering away of the w-momentum into the 
r-direction is thus the result of our inductively developed theory of free turbulent 
flows. 

The ** law of transmission of momentum ’’ represented by equation (10) is 
interpreted as follows: The fiur of the u-momentum, which wanders away into 
the transverse direction y, is proportional to the u-momentum gradient in this 
direction, 

The transmission of momentum takes place in planes, which are described 
by the w-direction and the gradient of the vu-momentum. The law of transmission 
expressed in vector form is therefore 

where { and j denote the unit vectors of the longitudinal and transverse direction 
respectively (the transverse direction j is defined by (10). 

The relation (10a) is independent of the reference system. This is because / is 
not an arbitrary vector, but describes the actual direction of motion of the fluid 
before its entry into the region of the turbulent mixing. 

The result of our investigation is noteworthy in that, contrary to expectation, 
we have found no expression for the apparent turbulent friction. Namely, equation 
(1c) shows merely how the resultant momentum puv=pu'r!+pur is propagated. 


Nothing is asserted as to the behaviour of pu/v! alone, and for the mechanism of 


free turbulence only the sum of the steady and of the unsteady portion of the 
transverse transport is available without any recognisable distinction between 
these terms.' 


11 From the statistical standpoint the factors wv’ and uv are obviously equivalent and the 
characteristics of these terms are solely of a hydrodynamical nature. The equality 
of uv and wv! seems plausible in as much as the steady v-motion also is a direct 
result of the action of the turbulence on the fluid. (Without the turbulence, with 
the postulated absence of friction, there would be no v-component and only the 
u-velocity would vary discontinuously at the jet boundaries). 


st 


SF 
ar 
th 
N 
(fc 
: mi 
di: 
of 
ot 
th 
Wi 
th 
th 
th 
do 
ou 
flo 
(4) 
sal 
of 
to 
vel 
an 
the 
3 dey 
wh 
ex] 
I 
mo 
12° 


we 


ON A NEW THEORY OF FREE TURBULENCE. Lia 


Naturally equation (10) may be resolved with respect to wv’. The question 
still exists, however, whether such an equation for wv! does not represent a 
special case of a universal shear formula which holds for free turbulence. 

\ possible form for a general shear expression would be, for example, 


B On 


The factor A with free turbulence 1 (when (11) becomes identical with (10)) 
and with non-turbulence or turbulence without apparent friction is K=o 

The appearance of a turbulent shearing stress, as known, is associated with 
the existence of a correlation between the longitudinal and the transverse motions. 
Now the factor k of this correlation vanishes not only for certain turbulent flows 
(for example for fading out, isotropic turbulence), but also for periodic vortex 
motions (Karmiin-vortex).'*? As free turbulence develops from roughly periodic 
disturbances, the obvious course is to seek to formulate the factor K as a function 
of the correlation coefficient k, for example A =factor k. 


THE EXTENSION OF THE MIXING ZONES IN THE 2-DirecTIon. 

In the foregoing considerations the question of the dependence of the variation 
of the width of the mixing zone on the co-ordinate 2 was not considered and has 
therefore still to be determined. In the considerations up to the present operating 
with the concept of the mixing path, only such cases were considered, in which 
the velocity profiles were affinely related at the different distances 2. By putting 
the expression for the apparent shear into the hydrodynamical differential equa- 
tions we automatically obtain the powers of 2, according to which the width of 
the mixing region increases and the velocity decreases (in so far as the latter 
does not remain constant, as at the boundary of the jet). 

Since in the new theory the momentum profile is available already from the 
outset, in that here also the different momentum profiles of one and the same 
flow are in affine relation, it is sufficient to formulate this affinity, as in equations 
(4) and (6), and note the powers by which equations (3), (5) and (10) can be 
satisfied. Here it is necessary merely to assume further, that the distributions 
of the flows, including the fluctuations in the individual cross-sections are similar 
to each other, that, for example the velocity fluctuations at corresponding trans- 
verse distances are definite fractions of the maximum velocity difference W, max 
and that we may be put proportional to u, v. From (10), using (5) for A, it is 
then found that 


ara o(y/b) =F (12) 
depends only on y/b. 
For the velocity we put 
u=U+u, 


where U is a constant velocity and differences in velocity relative to U are 
expressed by w,. 

With the two-dimensional wake, for small u,/U we may write approximately 
w=—2Uu, 

From (12) therefore (since for reasons of similitude w,/t, max depends only 


on y/b) it follows that 
U 


u 
max 
From this it follows further (since here in accordance with the theorem of 
momentum max ) =const.) that 


Tollmein. Uber die Korrelation der Geschwindigkeitskomponenten periodisch 
schwankenden Wirbelverteilungen. Z.A.M.M., Vol. 15, 1935, p. 96. 
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Such a distribution of the mixing width has been known for two-dimensional 
wakes since the time of the measurements by Schlichting. '* 

In the case of the two-dimensional free jet in surrounding fluid at rest, uv and 1, 
are identical. With the two-dimensional contact of two jets WU, max IS a Constant. 
In both cases for reasons of similitude u?/u,? max depends only on y/b. Hence 
from (12) it follows that db/dz=const. and 

We have thus correctly reproduced the linear propagation of the mixing width 
known for jets. 


6. SUMMARY. 


1. It is established that the distributions of momentum in motiens of turbulent 
propagation are described with good approximation by the statistic functions 
of the error curve and the error integral curve. The processes of turbulent and 
molecular balance may therefore be compared in a certain manner one with the 
other, so that the rational application of the differential equation of thermal 
conductivity to the propagation of momentum in free turbulent flows is possible. 

2. From this differential equation of momentum and the hydrodynamical equation 
of motion it follows that the total flux of the u-momentum (brought about partly 
by the fluctuation motions, partly by the steady transverse motion) wandering 
into the transverse direction is proportional to the 1-momentum gradient in this 
direction. As the factor of proportionality, the ‘* transmission quantity *’ A of 
the momentum appears, which is determined as a function of the mixing width 
by the theory itself. 

3. By means of the formula for the transmission quantity the known laws 
governing the extension of the mixing regions can be correctly represented on 
the basis of considerations of similitude. 


13 H. Schlichting. Uber das ebene Windschattenproblem Ing-Arch, Vol. 1, 1930, p. 533. 
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REVIEWS. 


WixncGs OvER THE WORLD. 


Indicator." W. Allen and Co., London, 1943. 6d. net. 


This little book has a considerab'e amount of air transport sense packed into its 
thirty-six pages. Its sub-title is a realistic approach to our air transport problem. 
The first section is entitled ‘* Taking stock of our position ’’ and is a quick 
survey of the position as it now is and the American position. At the end of the 
chapter there is quoted, from G. E. R. Sherrington’s ‘‘ A Hundred Years of 
Inland Transport,’* ‘* Transport is a social function, its object the improvement 
of the standard of living of the population. It is the duty of the nation to lead 
them hand in hand that they may continue to serve to the best of their joint 
abilities in the common weal.’’ The author finishes the chapter by saying, 
““ Above all we should establish the basic principle that all means of transport 
must be applied so as to be complementary and not competitive.”’ 

That is an ideal to be aimed at, but one not likely to be achieved so long as 
the profit-making motive dominates. It will require a very carefully thought out 
organisation to steer the course between a monopoly which ceases to be enter- 
prising and a competitive system which leads to overlapping and waste. 

In the second section the author asks what the aeroplane will carry after the 
war: passengers, goods and’mail. He estimates that 2,500 passengers a week 
will fly in and out of Great Britain, excluding European traffic. The figure is 
probably on the conservative side, and makes an interesting comparison wiih 
Dr. Warner’s figures in his 1943 Wilbur Wright Memorial Lecture. 

One cannot forbear from quoting the last suggestions of the author with 
reference to an .\irways Corporation. ‘If I were Air Minister . . . I 
should appoint to the Board (a) men who had absolutely no interests in sea, 
rail or road transport, and (b) some men with long and wide experience of 
overseas and air transport operation.” 

The functioning of the newly-appointed Board of British Overseas Airways 
Corporation will be watched by the author and many others in aviation with 
considerable inierest and with no less anxiety. 


THe Testinc oF High SPEED INTERNAL ComMBUSTION ENGINES. 
Arthur W. Judge, A.R.C.Sc., D.1.C.Wh.Se., A.M.1.A.E., A.F.R.Ae.S. 
Third Edition. 1943. Chapman and Hall.  42/- net. 


The last edition of this well-known work was published in 1932 and in the 
intervening eleven years there has been a considerable development in engine 
testing methods and appliances, fuels, etc., which has necessitated the adding of 
much new matter and the re-writing of some of the old. In Chapter I, on 
General Principles, for example, details of anti-knock fuels have been added, 
and more valuable notes on thermal efficiency, volumetric efficiency, ete. In 
Chapter II, on Test Procedure, there are very considerable additions on recent 
methods of detecting detonation, and practical effects of detonation and road 
testing. 
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Mr. Judge has, indeed, thoroughly revised every chapter and brought it as 
up to date as possible, although when the censorship comes to an end it may 
be said he will be called upon for a fourth edition. In particular, however, he 
has added much on Pyrometers, Instruments and Aircraft Testing Methods and 
American Test Equipment, and new chapters on Cathode Ray Indicators and 
Testing of High Speed Compression Ignition Engines. 

This third edition of Mr. Judge’s book will prove an excellent reference book 
for all those engaged on engine testing. A word of praise should be given to 
the publishers for the presentation of the many diagrams and photographs and 
the clarity of their printing. 
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